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I NTRODU CT I ON 

This  r e p o r t  assesses the  s t a t u s  of green t u r t l e s ,  Chelonia mydas, 

nes t ing  a t  East I s l a n d ,  French F r i g a t e  Shoals,  a key breeding ground of 

t h i s  s p e c i e s  i n  t h e  Hawaiian Archipelago. Although obse rva t ions  of green 

t u r t l e  occurrence and h a b i t s  have been recorded throughout t he  Hawaiian 

I s l a n d s  over many yea r s ,  f o r  t h e  most p a r t  t hese  a r e  spo rad ic  and 

u n s u i t a b l e  f o r  a r igo rous  q u a n t i t a t i v e  analysis .  However, a t  East  I s l a n d ,  

Balazs (1980 and elsewhere)  has s t u d i e d  the  t u r t l e  populat ion i n t e n s i v e l y  

s i n c e  1973. H i s  s t u d i e s  have ranged over many a s p e c t s  of green t u r t l e  

biology and ecology, and h i s  obse rva t ions  provide a reasonably s o l i d  b a s i s  

f o r  p a r t i a l  assessment of the East I s l and  stock. The a n a l y s i s  r epor t ed  

he re ,  r e l y i n g  e n t i r e l y  on Balazs' d a t a  over the per iod 1973-82, focuses  

s p e c i f i c a l l y  on the  dynamics of the nes t ing  females. Males a r e  no t  

considered,  nor are immature animals. The primary ques t ions  posed are :  

*How l a r g e  i s  the  s tock of mature females  i n  the  East I s l a n d  colony? 

.How many of t h e s e  can be expected t o  be n e s t i n g  i n  any year?  

'How many females  reach m a t u r i t y  each yea r ,  Le., how many r e c r u i t s  

(neophytes) a r e  added t o  the populat ion each yea r?  

'What can be sa id  about t r ends  i n  these  v a r i a b l e s  over r ecen t  y e a r s ?  

The fo l lowing  s e c t i o n s  d e s c r i b e  the  models and methods used, i n d i c a t e  

the d a t a  sources  employed, and p resen t  the b a s i c  f i n d i n g s  r e l a t i v e  t o  the  

major quest ions.  

the more obvious ones a r e  omitted.  Fu r the r ,  mathematical  d e t a i l s  are no t  

While many of t h e  key assumptions a r e  d i scussed ,  some of 

given and many of t h e  f i n e r  a n a l y t i c a l  p o i n t s  a r e  glossed over;  t hese  w i l l  

be the s u b j e c t  of another  r epor t .  
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:I 

MODELS AND METHODS 

Basic  Popula t ion  Model 

To eva lua te  changes i n  t h e  number of n e s t i n g  females  on East I s land ,  

w e  f i r s t  need a conceptual model which r e l a t e s  the  a c t u a l  number of 

females  observed n e s t i n g  t h e r e  each year  t o  t h e  b a s i c  under ly ing  

populat ion processes.  The model used here  s t a t e s  t h a t  t he  number of 

n e s t e r s  during t h e  cu r ren t  season depends on fou r  f a c t o r s :  

(1) The sequence of r ec ru i tmen t s  of f i r s t - t i m e  n e s t e r s  j o i n i n g  the  

mature  female population. One such year  c l a s s  i s  added each year ;  

(2) the  p r o b a b i l i t i e s  t h a t  members of each e x i s t i n g  year  c l a s s  w i l l  

s t i l l  be a l i v e  during the  cu r ren t  breeding season ( s u r v i v a l  r a t e s ) ;  

(3 )  the  p r o b a b i l i t i e s  t h a t  su rv ivo r s  from each year c l a s s  w i l l  

a c t u a l l y  be haul ing  out t o  nes t  a t  sometime during t h e  cu r ren t  breeding 

season ( r emig ra t ion  p r o b a b i l i t i e s )  ; and 

( 4 )  t h e  p r o b a b i l i t y  t h a t  any t u r t l e  haul ing  out  t o  nes t  dur ing  t h e  

cu r ren t  season w i l l  be observed and counted dur ing  the  s p e c i f i e d  survey 

per iod on East I s l and  (coverage r a t e ) .  

For t h i s  a n a l y s i s  t h e r e  were 10 b a s i c  observa t ions ,  Le., each year's 

sample count of n e s t i n g  females  dur ing  1973-82. Unfortunately,  t h e  number 

of unknown parameters  g r e a t l y  exceeded 10, so some s i m p l i f y i n g  assumptions 

were requi red  and some of the  parameters  had t o  be e s t ima ted  from o t h e r  

da t a .  
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Analy t i ca l  Procedure 

S p e c i f i c a l l y ,  t h e  fo l lowing  approach was adopted: 

(1) Coverage r a t e s  and e s t ima ted  nes t ing  populations.--Coverage 

rates f o r  each year were e s t ima ted  from a s t o c h a s t i c  model of t u r t l e  

res idence  a t  East Island. 

f o r  (a>  t h e  within-season t ime of a r r i v a l  and commencement of n e s t i n g  

a c t i v i t y  f o r  i n d i v i d u a l  females ,  (b) t he  number of nes t ing  episodes 

( p o t e n t i a l  c lu t ches  of eggs depos i ted)  per female,  ( c )  t h e  t ime i n t e r v a l  

between success ive  nes t ing  episodes (during these  i n t e r v a l s  a female i s  

t empora r i ly  absent  from the  n e s t i n g  populat ion) ,  and (d) t h e  du ra t ion  of 

each nes t ing  episode. A nes t ing  episode i s  def ined  a s  the  sum of 

noc tu rna l  a c t i v i t y  of haul ing  out  and d igging  a s soc ia t ed  wi th  the  l ay ing  

of a p a r t i c u l a r  c l u t c h  of eggs,  o r  t he  u l t i m a t e l y  unsuccessfu l  a t t e m p t s  t o  

depos i t  the  eggs. 

The model i s  based on p r o b a b i l i t y  d i s t r i b u t i o n s  

Each of t hese  p r o b a b i l i t y  d i s t r i b u t i o n s  was e s t ima ted  e m p i r i c a l l y  

us ing  Balazs' d e t a i l e d  observa t ions  f o r  t he  1974 and 1975 breeding 

seasons. Assuming the  same d i s t r i b u t i o n s  were a p p l i c a b l e  t o  each year 

1973-82, t he  coverage ra te  for a s p e c i f i e d  year  was es t imated ,  given the  

survey per iod (or  s e t  of per iods)  f o r  t h a t  year. The coverage rates were 

then d iv ided  i n t o  the  a c t u a l  counts of t u r t l e s  nes t ing  dur ing  the  survey 

per iods  t o  e s t i m a t e  the  t o t a l  numbers of t u r t l e s  n e s t i n g  dur ing  t h e  f u l l  

breeding seasons .  

(2)  Annual s u r v i v a l  r a t e s  and r emig ra t ion  rates.--Annual su rv iva l  

ra te  f o r  mature  females  w a s  assumed t o  be cons tan t  dur ing  1977-82, and 

t h i s  r a t e ,  t oge the r  w i th  two parameters  of a t h e o r e t i c a l  p r o b a b i l i t y  

d i s t r i b u t i o n  of r emig ra t ion  i n t e r v a l s ,  were then e s t ima ted  from t ag  
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r e c a p t u r e  s t a t i s t i c s  ga thered  by Balazs dur ing  t h i s  6-year period. The 

a n a l y s i s  w a s  based on the  numbers of t u r t l e s  r e s i g h t e d  on East I s l a n d  

du r ing  t h e  survey per iods  of 1978-82 from cohor t s  of n e s t i n g  f ema les  

tagged dur ing  t h e  1977-81 seasons (Table 1). The observed numbers of 

r ecap tu res  each year  were ad jus t ed  upward t o  c o r r e c t  f o r  t a g  shedding 

(Table 2; t a g  shedding p r o b a b i l i t i e s  were e s t ima ted  from double-tagging 

d a t a ) ,  and were increased  f u r t h e r  by applying t h e  appropr i a t e  coverage 

r a t e s .  

The t h e o r e t i c a l  r e m i g r a t i o n  model assumed t h a t  du r ing  any breeding  

season t h e  p r o b a b i l i t y  t h a t  a mature  female  hau l s  out  t o  n e s t  depends only  

on t h e  number of years  e lapsed  s i n c e  he r  l as t  nes t ing ,  and t h a t  t h i s  

p r o b a b i l i t y  i n c r e a s e s  a s y m p t o t i c a l l y  from some minimum va lue  f o r  an 

i n t e r v a l  of 1 year  t o  u n i t y  as t h e  t i m e  i n t e r v a l  increases .  

When s u r v i v a l  r a t e  and r emig ra t ion  parameters  were e s t i m a t e d  j o i n t l y  

and no c o n s t r a i n t s  were placed on t h e  e s t ima t ion ,  t h e  a n a l y s i s  suggested a 

high s u r v i v a l  r a t e .  However, because the  estimates of s u r v i v a l  r a t e  and 

r e m i g r a t i o n  parameters  a r e  s t a t i s t i c a l l y  confounded i n  t h e  t a g  r e c a p t u r e  

model, they are not  a s  r e l i a b l e  as w e  might l ike .  Accordingly,  t h r e e  

d i f f e r e n t  se ts  of r emig ra t ion  parameters  were computed, each c o n d i t i o n a l  

on a d i f f e r e n t  assumed l e v e l  of annual s u r v i v a l  dur ing  t h e  1977-82 per iod 

when the  tagged females  were a t  large.  I n  each case  t h e  combination of 

s u r v i v a l  r a t e  and r emig ra t ion  parameters  was cons i s t en t  w i t h  t h e  a d j u s t e d  

t a g  r e s i g h t i n g  data.  

( 3 )  Annual recruitment.--Annual r ec ru i tmen t  t o  t h e  mature  female  

popula t ion  was assumed t o  be a func t ion  of t i m e .  The form of t h e  

r e l a t i o n s h i p  depends on a se t  of c o e f f i c i e n t s  e s t i m a t e d  from t h e  sequence 
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of ad jus t ed  annual counts of n e s t i n g  females ,  and a m a t r i x  of 

con t r ibu t ion"  f a c t o r s  computed from s u r v i v a l  and r emig ra t ion  11 

p r o b a b i l i t i e s .  Es t ima t ing  a s i n g l e  c o e f f i c i e n t  i n  t h i s  model i s  

equ iva len t  t o  assuming constant  r e c r u i t m e n t ;  t h e  e s t i m a t e  of t h e  

c o e f f i c i e n t  i s  the e s t i m a t e  of t h i s  constant  r ec ru i tmen t  l eve l .  

Es t ima t ing  two c o e f f i c i e n t s  i s  equivalent  t o  assuming a l i n e a r  t r end  i n  

r ec ru i tmen t  during the r e l e v a n t  t ime  period; the e s t i m a t e s  of t h e  

c o e f f i c i e n t s  i n d i c a t e  the  t i m e - s p e c i f i c  va lues  of r ec ru i tmen t  and, most 

important ,  t he  d i r e c t i o n  of t he  assumed trend. Models w i th  t h r e e  o r  

more c o e f f i c i e n t s  could be f i t  t o  t h e  da t a ,  but  w i t h  only 10 yea r s  of 

obse rva t ions  i n  the a n a l y s i s ,  the higher-order r e c r u i t m e n t  f u n c t i o n s  a r e  

not  informative.  

I n  computing the  "contr ibut ion" f a c t o r s ,  we considered two kinds of 

s cena r ios  regarding s u r v i v a l  r a t e s  among a d u l t  females:  (a)  Annual 

s u r v i v a l  r a t e  was constant  over a l l  r e l e v a n t  y e a r s  a t  one of t h e  t h r e e  

l e v e l s  assumed i n  e s t i m a t i n g  r e m i g r a t i o n  rates,  and (b) annual s u r v i v a l  

r a t e  was lower i n  the  yea r s  p r i o r  t o  1978, when t h e  h a r v e s t i n g  of green 

t u r t l e s  was outlawed. For each of the t h r e e  l e v e l s  of s u r v i v a l  r a t e  

assumed above f o r  t h e  1978-82 per iod,  t h r e e  lower l e v e l s  of cons t an t  

annual s u r v i v a l  r a t e  were assumed t o  apply during t h e  pre-ban period. 

A t o t a l  of 12 scena r ios  r e s u l t e d  from t h i s  scheme, de f ined  a s  

fo l lows :  
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Annual s u r v i v a l  rate (%) 
- 

Scenario Pre-ban Pos t-ban 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

95 
90 
80 
90 
80 
70 
85 
75 
65 
75 
65 
55 

95 
90 
80 
95 
95 
95 
90 
90 
90 
80 
80 
80 

For each scenar io ,  r ec ru i tmen t  c o e f f i c i e n t s  were e s t ima ted ,  average 

r ec ru i tmen t  l e v e l  was determined and t h e  t rend  i n  r ec ru i tmen t  was 

asses sed. 

(4) Popula t ion  -.--The estimates of annual r ec ru i tmen t  were 

combined w i t h  assumed s u r v i v a l  r a t e s  t o  compute, f o r  each scenar io ,  t he  

average number of mature females  i n  t h e  East I s l a n d  popula t ion  dur ing  both 

t h e  pre-ban and post-ban periods.  

RESULTS 

Coverage Rates and Est imated Nesting Populat ions 

Coverage rates ranged from 25% i n  1977 t o  84% i n  1974 (Table 3). 

These were appl ied  t o  the  observed number of t u r t l e s  n e s t i n g  during the  

survey per iods  t o  e s t i m a t e  t h e  t o t a l  yea r ly  n e s t i n g  popula t ions  (Table 3 

and Figure  1). Nesting populat ions va r i ed  from 81 i n  1973 t o  220 i n  1981, 

and showed an inc reas ing  t rend  dur ing  t h e  10-year period. The average 

annual nes t ing  popula t ion  increased  from 126 t u r t l e s  dur ing  1973-77 t o  161 

dur ing  the  fo l lowing  5-year period. However, t h e  inc rease  i n  s i z e  of t h e  

n e s t i n g  populat ion i s  not  s t a t i s t i c a l l y  s i g n i f i c a n t .  
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Surv iva l  Rate and Remigration Parameters 

The e s t i m a t e s  of r emig ra t ion  parameters  were r e l a t i v e l y  i n s e n s i t i v e  

t o  the  assumed annual s u r v i v a l  r a t e  during the  tag- recapture  period. 

Regardless  of whether s u r v i v a l  r a t e  w a s  assumed t o  be 95, 90, o r  80%, t he  

p r o b a b i l i t y  t h a t  a n e s t i n g  female w i l l ,  i f  s t i l l  l i v e ,  nes t  aga in  dur ing  

t h e  fo l lowing  breeding season w a s  judged t o  be v i r t u a l l y  n i l  (Table 4 ) .  

The p r o b a b i l i t y  of nes t ing  inc reases  each year  t h e r e a f t e r  as the  "dormant" 

years  accumulate,  as shown f o r  a r e p r e s e n t a t i v e  case i n  Figure 2 .  The 

a s soc ia t ed  p r o b a b i l i t y  d i s t r i b u t i o n  of the  r emig ra t ion  i n t e r v a l  f o r  t h i s  

case i s  shown i n  Figure 3 .  

i n t e r v a l  between breeding seasons f o r  a female was 3 yea r s  (34-37%),  

fol lowed by 2 years  (28 -34%) ,  and 4 years  (20-23%).  The average 

r emig ra t ion  i n t e r v a l  i s  about 3 y e a r s  (Table 4 ) .  

I n  a l l  t h r e e  cases  examined, t h e  most f requent  

Consider ing both s u r v i v a l  rates and t h e  sequence of annual n e s t i n g  

p r o b a b i l i t i e s  a s soc ia t ed  w i t h  any p a r t i c u l a r  female 's  mature  l i f e ,  t h e  

average female wi th  a poss ib l e  mature  l i f e  of 20 years  w i l l  r emig ra t e  an 

average of 3.8 t imes  i f  annual s u r v i v a l  i s  95%,  2.4 t i m e s  i f  s u r v i v a l  i s  

90%, and only once i f  annual s u r v i v a l  ra te  i s  80% (Table 4 ) .  The chances 

of r emig ra t ing  a t  l e a s t  once a r e  86, 7 4 ,  and 51%, r e spec t ive ly .  When 

s u r v i v a l  r a t e  i s  95% each year ,  t h e  most probable  number of r emig ra t ions  

d u r i n g  a m a t u r e  f e m a l e ' s  l i f e  i s  6 ,  f o l l o w e d  by 7 ,  t h e n  1, 5 ,  2 ,  3 ,  4 ,  8 ,  

and 9. These d i s t r i b u t i o n s  change markedly wi th  changes i n  b a s i c  

r emig ra t ion  parameters  and s u r v i v a l  r a t e s  (Table 4 ) .  
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Recru i tmen t 

Es t ima tes  of t h e  average annual r e c r u i t m e n t  of neophytes t o  t h e  

nes t ing  populat ion a t  East  I s l a n d  range from 30 t u r t l e s  under t h e  

uniformly high s u r v i v a l  r a t e  of s cena r io  1, t o  104 t u r t l e s  under scena r io  

1 2  (Table 5) .  A s  expected, the r ec ru i tmen t  e s t i m a t e s  a r e  i n v e r s e l y  

r e l a t e d  t o  the assumed average s u r v i v a l  r a t e .  

r ec ru i tmen t  i s  probably between 40 and 70 t u r t l e s  per year.  

The a c t u a l  average 

I n  11 of t he  12  scena r ios ,  t h e  e s t i m a t e d  t r end  i n  r ec ru i tmen t  over 

the r e l e v a n t  t i m e  per iod (mid-1960's through 1982) was upward. This  

r e s u l t  i s  not n e c e s s a r i l y  expected. The t o t a l  n e s t i n g  populat ion was 

judged t o  be i n c r e a s i n g  over  1973-82, and such a t rend might be a t t r i b u t e d  

e i t h e r  t o  inc reas ing  s u r v i v a l  r a t e s  o r  t o  g r e a t e r  r e c r u i t m e n t s ,  o r  both. 

However, i n  each s c e n a r i o  the i n c r e a s i n g  t rend i n  r e c r u i t m e n t  was 

s t a t i s t i c a l l y  i n s i g n i f i c a n t ,  and the  hypothesis  of cons t an t  r ec ru i tmen t  

could not be r e j e c t e d .  This  was e s p e c i a l l y  so f o r  those scena r ios  which 

assumed a d rama t i c  i nc rease  i n  s u r v i v a l ;  only when a cons t an t  s u r v i v a l  

r a t e  was assumed d i d  the upward t rend i n  r ec ru i tmen t  approach 

s i g n i f i c a n c e .  Because the  two f a c t o r s  are highly confounded, without some 

independent measures of s u r v i v a l  r a t e s  or  r ec ru i tmen t  i t  w i l l  be d i f f i c u l t  

t o  e v a l u a t e  t r ends  i n  the n e s t i n g  population. 

Populat ion S ize  

E s t i m a t e s  of t he  t o t a l  number of mature  fem les  i n  t h  East I s l a n d  

population, averaged over 1973-77 and 1978-82, a r e  given i n  Table 6. I n  

the  scena r ios  wi th  constant  s u r v i v a l  r a t e  and s teady r ec ru i tmen t ,  

populat ion s i z e  i s  a l s o  cons t an t ,  and i s  e s t ima ted  t o  be between about 360 
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and 400 t u r t l e s .  

u s e f u l ,  because n e i t h e r  t h e  i nc reases  i n  nes t ing  popula t ion  nor t h e  

e s t i m a t e d  upward t rend  i n  r ec ru i tmen t  were s t a t i s t i c a l l y  s i g n i f i c a n t .  

Es t imates  computed under o the r  s cena r ios  a r e  not  very 

Steady S t a t e  C h a r a c t e r i s t i c s  

Assuming cons tan t  annual r ec ru i tmen t ,  w e  can compute a v a r i e t y  of 

s teady  s ta te  c h a r a c t e r i s t i c s  of the  mature female populat ion under t h e  

f i x e d  s u r v i v a l  r a t e  scenarios .  I n  p a r t i c u l a r ,  i t  may be shown, us ing  t h e  

s t a t i s t i c s  i n  Tables 4 and 7 ,  t h a t  t he  expected egg and h a t c h l i n g  

product ion by a s i n g l e  female over her  e n t i r e  mature  l i f e  i s  equal  t o  the  

t o t a l  annual egg and ha tch l ing  product ion per r e c r u i t .  Maintenance of 

t h i s  hypo the t i ca l  equ i l ib r ium would r e q u i r e  t o t a l  s u r v i v a l  r a t e s  from 

ha tch l ing  ( en te r ing  sea)  t o  neophyte n e s t e r s  ranging from about 0.4% under 

scena r io  1 t o  1.0% under scena r io  3. Given an average n e s t i n g  popula t ion  

of 144 t u r t l e s ,  t oge the r  w i t h  the  e s t ima ted  average r ec ru i tmen t  and t o t a l  

mature  female popula t ion ,  we can compute t h e  expected number of ve t e ran  

females  i n  t h e  populat ion and the  number of r emig ran t s  nes t ing  each yea r  

(Table 7). 

f r a c t i o n  of ve t e rans  r emig ra t ing  each year ranges from 25 t o  31%. Under 

t h e  80% s u r v i v a l  ra te ,  50% of t h e  n e s t i n g  popula t ion  each year would be 

neophytes. I f  annual s u r v i v a l  ra te  i s  9 5 % ,  t h i s  f i g u r e  i s  reduced t o  21%. 

Depending on the  assumed s u r v i v a l  rate f o r  mature  females ,  t h e  

SUMMARY AND CONCLUSIONS 

The average nes t ing  populat ion a t  East  I s l and  dur ing  1973-82 was 144 

t u r t l e s .  There was an upward t rend  i n  t h e  yea r ly  number of n e s t e r s ,  but 

t h i s  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .  
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The average number of neophyte t u r t l e s  r e c r u i t i n g  t o  t h e  mature 

female  populat ion each year  was e s t ima ted  t o  be between 30 and 72, 

depending on the  assumed a d u l t  female s u r v i v a l  r a t e .  The corresponding 

range i n  the  e s t ima ted  average t o t a l  popula t ion  of mature females  w a s  from 

397 t o  358 t u r t l e s .  Apparent upward t rends  i n  recru i tment  and t h e  t o t a l  

female  populat ion were a l s o  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

Assessment of t h e  a d u l t  female  s tock  i s  complicated by seve ra l  

f a c t o r s :  

(1) While the  a n a l y s i s  of t a g  r ecap tu re  s t a t i s t i c s  i nd ica t ed  t h a t  

annual s u r v i v a l  of a d u l t  females  i s  high,  s u r v i v a l  r a t e  and r emig ra t ion  

parameters  are highly confounded i n  t h e  e s t i m a t i o n  model. A s  a r e s u l t ,  a 

unique and r e l i a b l e  e s t i m a t e  of s u r v i v a l  r a t e  w a s  not  poss ib l e ,  and 

f u r t h e r  ana lyses  were c a r r i e d  out cond i t iona l ly ,  given a v a r i e t y  of 

assumed s u r v i v a l  scenarios .  

(2) I n  the  a n a l y s i s  of r ec ru i tmen t  and t o t a l  mature  female 

populat ion,  r e s u l t s  were weakened by the  confounding of s u r v i v a l  r a t e  and 

r ec ru i tmen t ,  and t h e  absence of a r e l i a b l e ,  independent e s t i m a t e  of t h e  

s u r v i v a l  r a t e .  

(3) I n  e s t i m a t i n g  the  t o t a l  n e s t i n g  popula t ion  each year ,  sample 

counts  made during the  l i m i t e d  survey per iods  were ad jus t ed  upwards t o  

c o r r e c t  f o r  incomplete coverage. The e s t ima ted  coverage rates were based 

on the  assumption t h a t  the d i s t r i b u t i o n s  of a r r i v a l  t ime,  i n t e r n e s t i n g  

i n t e r v a l ,  and o the r  f a c t o r s  were the  same each year  as they were i n  1974 

and 1975. The same assumption was necessary when t h e  coverage rates were 

app l i ed  t o  the  t a g  r ecap tu re  data.  Year-to-year v a r i a t i o n  i n  t h e  o v e r a l l  

res idence  t i m e  d i s t r i b u t i o n  could a l t e r  the  r e s u l t s  s u b s t a n t i a l l y .  
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A t  t h i s  j unc tu re ,  i t  i s  apparent  t h a t  a d e f i n i t i v e  understanding of 

t he  populat ion dynamics of mature  females  i n  the  East I s l a n d  breeding 

colony would r e q u i r e  some independent de t e rmina t ion  of e i t h e r  s u r v i v a l  

r a t e  or  recru i tment .  Of these,  only r ec ru i tmen t  could be e s t ima ted  

d i r e c t l y .  This  would r e q u i r e  i n t e n s i v e  “ s a t u r a t i o n  tagging“ of t h e  e n t i r e  

nes t ing  populat ion each breeding season f o r  many yea r s ,  and the  counting 

of a l l  untagged and unscarred t u r t l e s  a r r i v i n g  t o  nes t  each year. This  i s  

an approach used i n  o the r  green t u r t l e  co lon ie s  where access  c o s t s  a r e  

much lower than i n  t h e  Northwestern Hawaiian Is lands.  Complete censuses 

of t h i s  type  a l s o  obv ia t e  the  need f o r  coverage r a t e  adjustments .  

If the  p r i m a r y  assessment s t r a t e g y  i s  t o  judge the  t r ends  i n  the  East 

I s l and  nes t ing  populat ion on the b a s i s  of sample surveys,  more work should 

be done t o  b o l s t e r  our understanding of v a r i a t i o n s  i n  t h e  a r r i v a l  t ime 

d i s t r i b u t i o n  and o the r  f a c t o r s  a f f e c t i n g  coverage r a t e .  I n  a d d i t i o n ,  

o t h e r  types of assessment  techniques should be inves t iga t ed ,  poss ib ly  

involv ing  obse rva t ions  on basking t u r t l e s  as w e l l  as nes te rs .  Balazs’ 

e x c e l l e n t  program of tagging and r ecap tu re  should be continued. 

Ex t r apo la t ion  of the f i n d i n g s  f o r  the  mature female populat ion a t  

East  I s l and  t o  o the r  segments of t h e  t u r t l e  s tock,  or  t o  o t h e r  i s l ands ,  

should obviously be done circumspect ly .  Balazs e s t i m a t e s  t h a t  the  East 

I s l and  n e s t e r s  make up roughly 55% of a l l  females  n e s t i n g  a t  French 

F r i g a t e  Shoals. On the  average, t he  t o t a l  n e s t i n g  female  populat ion a t  

French F r i g a t e  might then be on the  order  of 300 t u r t l e s ,  of which perhaps 

80-100 a r e  neophytes and the remainder remigrants .  The t o t a l  mature  

female  populat ion a s soc ia t ed  w i t h  French F r i g a t e  Shoals  i s  probably about 

750 t u r t l e s .  Specula t ing  f u r t h e r ,  each year  roughly 100 of these  die .  
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With assumptions on sex r a t i o s  and comparat ive s u r v i v a l  r a t e s ,  e s t i m a t e s  

of t he  a d u l t  male populat ion could be generated based on the  f i g u r e s  f o r  

females .  A l t e r n a t i v e l y ,  independent estimates f o r  males might be f e a s i b l e  

from a n a l y s i s  of t ag  r e t u r n s  and basking d a t a ,  but t h i s  seems unl ike ly .  

The a n a l y s i s  here  excluded cons ide ra t ion  of some major phases i n  t h e  

For example, a l l  events  a s soc ia t ed  w i t h  the  immature s t ages ,  l i f e  cycle.  

and w i t h  the  "dormant" per iods  f o r  mature females ,  were conspicuously 

neglected.  The s imple  stock-and-recruitment approach adopted t r e a t s  t hese  

o t h e r  phases as a b lack  box whose inner  workings a r e  poorly understood o r  

unimportant. A t  be s t ,  t h i s  focus ing  of a t t e n t i o n  on t h e  inpu t s  ( r e c r u i t s )  

and outputs  (egg product ion)  of t h e  nes t ing  female  popula t ion  might lead 

even tua l ly  t o  a p r e d i c t i v e  r e l a t i o n s h i p  between t h e  two v a r i a b l e s ,  as i n  

salmon management. A t  l e a s t ,  i t  pe rmi t s  a rough monitor ing of t h e  stock. 

But a genuine understanding of t u r t l e  ecology and populat ion dynamics, and 

the  capac i ty  t o  r e l i a b l y  eva lua te  management p o l i c i e s ,  w i l l  c l e a r l y  

r e q u i r e  concentrated and expensive r e sea rch  on o t h e r  l i f e  s t a g e s  as wel l .  
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Table  1.--Numbers of n e s t i n g  f ema les  tagged on East I s l a n d  and s igh ted  as 
r emig ran t s  i n  subsequent years .  Data from G. Balazs. 

Yearly d a t a  

Year of res i g h t  i n g  
Year of Number nes t ing  
tagging  f e m  a 1 es tagged 1978 197 9 1980 1981 1982 

1977 
1978 
1979 
1980 
1981 

38 
52 
52 
45 

120 

Aggregate d a t a  

Years 
a f t e r  

tagging  

T o t a l  
i n i t i a l  
re 1 ease 

To ta l  
tagged 
females  

r e s igh ted  

3 07 
187 
142 

90 
38 

1 
40 
39 
12 
1 
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Table 2.--Estimated average p r o b a b i l i t i e s  of t a g  r e t e n t i o n  ( a t  least  one 
t a g  s t i l l  a t t a c h e d )  f o r  n e s t i n g  females tagged and r e s i g h t e d  a t  E a s t  
I s l and .  Based on double-tagging d a t a  c o l l e c t e d  by G. Balazs. 

Year of r e s i g h t i n g  
Year of 
t agg ing  1978 1979 1980 1981 1982 

1977 0.99 0.97 0.95 0.92 0.89 
1978 -- 0.97 0.94 0.90 0.87 
1979 -- -- 0.98 0.96 0.94 

-- 0.98 0.96 1980 -- -- 
0.99 1981 -- _- -- -- 
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Table 3.--Dates of surveys of nes t ing  female populat ion a t  East  I s l a n d ,  
number of t u r t l e s  seen dur ing  these  pe r iods ,  es t imated  coverage r a t e s ,  and 
es t imated  t o t a l  n e s t i n g  populat ions.  Based on da ta  of G. Balazs.  

~ ~~~ 

Survey d a t e s  E s t  ima t ed E s t  ima t ed 

Year Per iod From To of n i g h t s  ra te  t u r t l e s  seen populat ion 
Number coverage Number of n e s t i n g  

1973 1 

1974 1 
2 
3 

1975 1 
2 
3 

1976 1 

1977 1 

1978 1 

1979 1 

1980 1 

1981 1 

1982 1 

1 June 

1 June 
27 June 
27 Ju ly  

21 May 
6 June 

19 Ju ly  

28 June 

24 June 

9 June 

16 June 

10 June 

26 May 

6 June 

19 Ju ly  

19 Ju ly  
17 Ju ly  
14 Aug. 

21 May 
24 June 
27 Ju ly  

11 Ju ly  

2 Ju ly  

19 June 

28 June 

29 June 

17 June 

24 June 

43 

19 
21 
19 

1 
19 
19 

14 

9 

11 

13 

20 

23 

19 

0.81 

0.84 

0.65 

0.32 

0.25 

0.39 

0.40 

0.54 

0.58 

0.56 

66 

104 

104 

28 

44 

66 

55 

45 

127 

111 

81 

124 

161 

88 

175 

167 

136 

84 

220 

199 
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Table 4.--Various c h a r a c t e r i s t i c s  of hypo the t i ca l  s teady s t a t e  East I s l and  
green t u r t l e  popula t ion ,  under t h r e e  d i f f e r e n t  s cena r ios .  Sources:  (1) 
Assumed va lue ;  ( 2 )  Estimated by au thor ;  ( 3 )  E s t i m a t e d  by G. Balazs;  ( 4 )  
Combination of ( 2 )  and ( 3 ) .  

Scenar io  

C h a r a c t e r i s t i c  Source 1 2 3 

'Annual ins tan taneous  m o r t a l i t y  r a t e  
'Annual s u r v i v a l  r a t e  ( % I  
'Remigration parameter a 
'Remigration parameter 8 
'Average remigra t ion  i n t e r v a l  ( y e a r s )  
' P r o b a b i l i t y  d i s t r i b u t i o n  of 

remigra t ion  i n t e r v a l  (%)  
1 year 
2 years  
3 years  
4 years  
5 years  
6 years  
7 yea r s  
8 years  

P r o b a b i l i t y  of remigra t ing  a t  l ea se  once 
dur ing  mature l i f e  ( X )  

= P r o b a b i l i t y  of never remigra t ing  (%I 
P r o b a b i l i t y  d i s t r i b u t i o n  of 

1 t i m e  
2 t imes 
3 t imes 
4 t imes 
5 t i m e s  
6 t imes 
7 times 
8 times 
9 t i m e s  

10 t imes 

number of remigra t ions  (%> 

*Average number of remigra t ions  
-Average number of reproduct ive  seasons 
*Average number of egg c lu t ches  per season 
*Average number of eggs per c l u t c h  
- T o t a l  egg product ion during l i f e  

P r o b a b i l i t y  of ha tch ing  ( X )  
P r o b a b i l i t y  of emerging ( % I  
P r o b a b i l i t y  of su rv iv ing  scramble 

To ta l  ha t ch l ings  e n t e r i n g  sea 
Tota l  female ha t ch l ings  e n t e r i n g  sea  

P r e c r u i t  replacement s u r v i v a l  r a t e  ( % I  

t o  sea (%I  

( 5 0 : 5 0  sex  r a t i o )  

1 0.05 0.10 0.22 
1 95 90 80 
2 0.41 82 0.3863 0.3308 
2 0.9931 0.9926 0.9912 
2 3 .O 3.1 3.2 
2 

0.7 0.7 0.9 
34.4 32.3 28.5 
37.0 36.3 34.5 
20.0 21.1 22.8 
6.4 7.5 9.8 
1.3 1.7 2.8 
0.2 0.3 0.6 
0 .o 0 .o 0.1 

2 86 74 51 

2 14 26 49 
2 

12.0 19.3 
10.3 14.3 
8.9 10.5 
8.0 8.0 

11.5 7 .8 
18.7 8.3 
13.3 4.5 
3.2 0.9 
0.2 0 .o 
0.0 0.0 

2 3 .8 2.4 
2 4.8 3.4 
3 1.8 1.8 
3 104 104 
4 898 636 
3 7 7  77 
3 7 1  7 1  
3 95 95 

25 .O 
12.6 
6.4 
3.3 
1.8 
1 .o 
0.3 
0 .o 
0 .o 
0 .o 
1 .o 
2 .o 
1.8 

104 
374 

7 7  
7 1  
95 

4 466 330 194 
4 233 165 97 

4 0.43 0.61 1.03 
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Table 5.--Estimated average annual recruitments to nesting female 
population at East Island under different survival scenarios, sign of 
estimated trend in recruitment and statistical significance of trend (n.s. 
= not significant, m = marginally significant at 10% significance level). 
Based on data of G. Balazs. 

Survival rate (%> Estimated Sign Significance 
aver age of of 

Scenario Pre-ban Post-ban recruitment trend trend 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

95 
90 
80 
95 
95 
95 
90 
90 
90 
80 
80 
80 

95 
90 
80 
90 
80 
70 
85 
75 
65 
75 
65 
55 

30 
43 
72 
41 
60 
74 
54 
72 
85 
82 
95 
104 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

m 
m 
m 
m 
n.s. 
n.s. 
m 
n.s. 
n.s. 
m 
n.s. 
n. s. 
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Table 6.--Estimated average mature female population during two time 
periods, under t w o  recruitment assumptions and 12 survival scenarios. 
Based on data of G. Balazs. 

Cons t ant recruit men t Linear recruitment 
Average mature female Average mature female 

population popu lat i on 

Scenario 1973-77 1978-82 1973-77 1978-82 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 

397 
387 
358 
362 
296 
246 
352 
2 90 
243 
3 26 
27 2 
23 2 

3 97 
3 87 
358 
41 1 
420 
41 8 
397 
404 
402 
3 63 
367 
366 

317 
3 06 
280 
305 
280 
254 
294 
26 7 
240 
26 6 
240 
215 

441 
4 26 
3 92 
43 4 
424 
41 6 
421 
41 1 
40 2 
3 87 
381 
374 
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Table 7.--Numbers of r e c r u i t s ,  ve t e ran  females,  remigrants  and t o t a l  
n e s t i n g  females f o r  t h r e e  s teady s t a t e  s cena r ios .  
Balazs. 

Based on d a t a  of G. 

Scenario 

Character  i st  i c s  1 2 3 

*Neophytes r e c r u i t e d  per year 30 43 72 
'Total  mature female populat ion 397 358 358 
*Number of ve t e ran  females 367 3 44 286 
*Average remigrat ion f r a c t i o n  (%> 31 29 25 
*Number of remigrants  114 101 7 2  
*Tota l  n e s t i n g  populat ion 144 144 144 
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Figure  1.--Estimated n e s t i n g  populat ion a t  East I s land ,  1973-82. 
Based on  d a t a  of G .  B a l a z s .  
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Figure Z.--Probability of hauling out and nesting as a function of 
years elapsed since last nesting, for females at East Island. 

(a = 0.42, 0 = 0.99) 
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Figure 3.--Probabil i ty  d i s t r i b u t i o n  of the  remigrat ion  i n t e r v a l  
(years  between s u c c e s s i v e  n e s t i n g s )  for females  a t  East Is land.  

( a  = 0.42, 0 = 0.99)  
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